JAWS  S3  98  Conference 
Las  Vegas,  NV 
15-18  June  98 
Volume  3 


p[I(j  € 


Reproduced  From 
Best  Available  Copy 


1998111/  008 


S-?>  C 0K-Vextnc€_ 

a  a  ^  ,PLEASE  CHECK  THE  APPROPRIATE  BLOCK  BELOW: 

.ao#u^-Q?-0/9/ 

D  _  copies  are  being  forwarded,  indicate  whether  Statement  A.  B,  C.  D.  E,  F.  or  X  applies. 


DISTRIBUTION  STATEMENT  A: 

APPROVED  FOR  PUBLIC  RELEASE:  DISTRIBUTION  IS  UNLIMITED 


CD  DISTRIBUTION  STATEMENT  B: 

DISTRIBUTION  AUTHORIZED  TO  U  S.  GOVERNMENT  AGENCIES 
ONLY;  (Indicate  Reason  and  Date).  OTHER  REQUESTS  FOR  THIS 
DOCUMENT  SHALL  BE  REFERRED  TO  (Indicate  Controlling  DoD  Office). 

D  DISTRIBUTION  STATEMENT  C: 

DISTRIBUTION  AUTHORIZED  TO  U  S.  GOVERNMENT  AGENCIES  AND 
THEIR  CONTRACTORS;  (Indicate  Reason  and  Date).  OTHER  REQUESTS 
FOR  THIS  DOCUMENT  SHALL  BE  REFERRED  TO  (Indicate  Controlling  DoD  Office). 

D  DISTRIBUTION  STATEMENT  D: 

DISTRIBUTION  AUTHORIZED  TO  DoD  AND  U  S.  DoD  CONTRACTORS 
ONLY;  (Indicate  Reason  and  Date).  OTHER  REQUESTS  SHALL  BE  REFERRED  TO 
(Indicate  Controlling  DoD  Office). 

CH  DISTRIBUTION  STATEMENT  E: 

DISTRIBUTION  AUTHORIZED  TO  DoD  COMPONENTS  ONLY;  (Indicate 
Reason  and  Date).  OTHER  REQUESTS  SHALL  BE  REFERRED  TO  (Indicate  Controlling  DoD  Office). 

□  DISTRIBUTION  STATEMENT  F: 

FURTHER  DISSEMINATION  ONLY  AS  DIRECTED  BY  (Indicate  Controlling  DoD  Office  and  Date)  or  HIGHER 
DoD  AUTHORITY. 


□  DISTRIBUTION  STATEMENT  X: 

DISTRIBUTION  AUTHORIZED  TO  U  S.  GOVERNMENT  AGENCIES 
AND  PRIVATE  INDIVIDUALS  OR  ENTERPRISES  ELIGIBLE  TO  OBTAIN  EXPORT-CONTROLLED 
TECHNICAL  DATA  IN  ACCORDANCE  WITH  DoD  DIRECTIVE  5230.25.  WITHHOLDING  OF 
UNCLASSIFIED  TECHNICAL  DATA  FROM  PUBLIC  DISCLOSURE.  6  Nov  1984  (Indicate  date  of  determination). 
CONTROLLING  DoD  OFFICE  IS  (Indicate  Controlling  DoD  Office). 

□  This  document  was  previously  forwarded  to  DTIC  on _ (date)  and  the 

AD  number  is 


□ 

□ 

□ 


In  accordance  with  provisions  of  DoD  instructions,  the  document  requested  is  not  supplied  because: 
It  will  be  published  at  a  later  date.  (Enter  approximate  date,  if  known). 

Other.  (Give  Reason) 


DoD  Directive  5230.24,  “Distribution  Statements  on  Technical  Documents,”  18  Mar  87,  contains  seven  distribution  statements,  as 
described  briefly  above.  Technical  Documents  must  be  assigned  distribution  statements. 


AFKL/ESD  .  o.  , 
2241  Avionic  Circle 


;  z>7 

NsTme 


-fetterson  AFB,  CH  45433-7318 


Print  or  Type  I 

•••V-  •? 


Authorized  Signature/Date 


Telephone  Number 


JAWS  S3  98  Conference  Volume  3 
Table  of  Contents 


Wednesday,  17  June  1998 

Meeting  Technology  Needs  of  the  Warfighter  ...  Y2K 
and  Beyond 
Trent  Thomas 

Embedded  Computer  Resources  (ECR)  Support 
Improvement  Program 
Lt  Col  Joseph  Jarzombek 

Ordnance  on  Target  -  With  the  Speed  of  Command 
Capt  Rich  Zajicek 

Naval  Aviation:  Leveraging  Information  Technology 
for  the  21st  Century 
Carlos  Johnson 

Navy  Science  and  Technology  Program  -  The  Resource 
Sponsor  Perspective 
Hugh  Montgomery,  Jr. 

Army  Technology  Thrusts 
John  Macrino 

Changing  Requirements  for  EW  Threat  Simulation 
Dr.  Edward  Eberl 

The  Simulation  Challenge  Within  a  SIL  Test 
Environment,  the  EWAISF 
Jerome  Smith 

Thursday  18,  June  1998 

Airborne  ASW  Acoustic  Sensors 
Michael  Junod 

Software  Technology  Briefing  to  Industry 
John  Walker 

C4ISR&T  Avionics  / 

Capt  Bud  Jewett 

The  Application  of  Statistical  Methods  to  Software  Test 
Gwendolyn  Walton 

Solutions  for  Embedded  System  Development 
Dale  Newton 

PRIMES  Preflight  Integration  of  Munitions  and 
Electronic  Systems 
Michael  Deis 


811-846 

847-900 

901-918 

919-927 

928-949 

950-971 

972-980 

981-1063 

1064-1094 

1095-1116 

1117-1128 

1129-1167 

1168-1187 

1188-1198 


The  Electronic  Combat  International  Security  Assistance  1199-1216 

Program  (ECISAP)  WR-ALC/LNI 
Mike  Morris 

Program  Overview  1217-1255 

Larry  Johnston 

Lockheed  Martin  1256-1266 

Michael  Williams 

Air  Force  Electronic  Warfare  Evaluation  Simulator  1267-1282 

(AFEWES) 

Jeff  Cheney 

Edwards  AFB  Avionics  Test  and  Integration  Complex  1283-1301 

Avionics  Electronic  Warfare  Test  Division 
Lt  Col  Randy  Kelly 


mat?  t 


WiSM  MM  Si  ¥a 


Lt  Col  Joe  Jarzombek  Voice:(801)-777-2435  DSN  777-2435 

ESIP  Director  Fax:  (801)777-9034 

OO-ALC/Ti-3  Email:  jarzombj@software.hill.af.mil 

Hill  AFB,  UT  84056-5609  Web  Site:  http://esip.hill.af.mil 


Overview 


CD 

c6 


o 

CO 


>* 

3 

13 

© 

c5 


O) 

© 

#888888 

)nn|j1nnnnn 


o 

cm 

o 

cn 

> 

m 

m 

DC 


"O 

0 

-I—* 

0 

■  MB 

o 

o 

cn 

0 

0 

0 

0 

CD 

c 

0 

75 

_c 

O 

0 

0 

0 

C 

’0 

CD 

06 


0 

0 


0 

0 

0 

0 

0 

O 

O 


O 

CL 

Q_ 

3 

CO 

oa 

0 

13 

O 

O 


0  _ 
n  Q 

0  03 
CC 
O 

>■  c 
CL  0 

CL  c 

CO  2. 

LU  -8 


o 

0 


0 


CL 

CO 

LU 


0 

E 

c  E 

=5  o 

t  0 
O  £ 

a? 

o  § 

oS  t5 
■o  § 

®  ‘c 

E  0 

0  £ 

0  .E 

— *  D 
0  oe5 
c  cr 

°  LL 

0  5? 
0  ^ 

0  fr 


0 

0 

O 

> 


0 

CO 


tr 
o 

Q.  C 
CL  O 


CO  g 
>?  = 
o  £ 
o  = 
=  >. 
O  05 

v->  r) 
<D  ^ 

I _  o 

s>  ^ 

£ 

o 
CO 


O 

0 

H 


0 

0 

O 

'£ 

0 
c n 

c 

o 

CL 

o 

"0 

< 

o*S 

O 

"-t— > 

0 

0  ^ 
5  0 

iS  £ 

_o  g 
O  cc 

_E  0 

0  0 
0  > 

H  > 

<4— 

®  o 

CO 


0 

0 

O 

o 

0 


0 

0 

CD 

0 

0 


O 

CO 


c 

o 

4—' 

0 

C 

E 

0 

0 

0 

b 


CO 


c\j 

4tr 

9= 

CD 

UJ 

00 

CD 

XI 

0 

LL 


Software  Process  Improvement  Efforts 
Integration  of  Measurement  Efforts 
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75%  are  “Operational  Failures 
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Coping  with  Business  Challenges  & 
Need  for  Performance  Improvement 
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Program  offices’  software  acquisition  processes  reviewed  in  audits 
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19,000  Hard-Copy  Subscribers 
Average  of  12,000  Hits  On-Line  per  Month 
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ESIP  PMD  Task  4: 
Software  Readiness 
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Capability  Maturity  Models  (CMMs  --  level  2-5  KPAs) 

Integration  of  CMM  Training  (with  SEI)  &  Tailoring  for  pilot  projects 
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capabilities  based  on  the  SEI  Capability  Maturity  Models  (CMMs); 
reporting  improved  customer  satisfaction  in  software  support 
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*  Improves  service  to  primary  ESIP  customers  --  Sustainment  Practitioners 

*  Promotes  gains  in  user  advocacy  for  process  improvement 
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Support  collection  of  ROI  data,  lessons-learned  and 
project  &  enterprise-wide  measurements 
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Performance  based  acquisition  &  sustainment 
Process  improvement  emphasis 
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Acquisition  &  Engineering 


Links  Management 
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Non-Risk  issues 


00 

CD 

-Q 

CD 

LL 


When  can  I  expect  to  see  results? 


Issue  Mapp 
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Focus  Initially  On  Project  Level  Measurement 

Standard  Organizational  Measures  Require  Consistent  Issues  &  Processes 
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-  Disseminate  Software  Best  Practices 

-  Provide  corporate  support  for  software  process  improvement 

-  Transition  performance  measurement  technologies  to  help 
programs  attain  business  and  mission  objectives 
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improvement  efforts,  e.g.,  TQM,  ISO  9000  Series 
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facilitates,  through  staging,  a  summarization  of  organizational  maturity 


Process  Improvement 
Business  Case 
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Select  and  manage  qualified  subcontractors 
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Develop  common  language,  skills  &  knowledge  of  the  individuals 
so  they  can  perform  their  roles  effectively  and  efficiently 
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More  competitive  organization 
Satisfied  customers 
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Living  &  evolving  (continuous  improvement) 


Supporting  Business  Objectives 
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Changing  Requirements  For 
EW  Threat  Simulation 


1.  Introduction 

This  paper  represents  my  own  observations  based  on  recent  procurement  and  contract  activity 
engaged  in  by  Amherst  Systems.  It  is  not  the  result  of  a  scientific  survey.  No  requirement  is 
intended  to  be  associated  with  a  specific  system  under  test  or  program.  These  observations  are 
based  on  many  recent  requests  for  proposals  and  contracts  which  Amherst  Systems  has  been 
exposed  to.  As  a  leading  manufacturer  of  EW  threat  simulators  for  all  applications  (RWRs, 
Jammers,  ELINT  receivers,  etc.),  Amherst  Systems  is  in  a  unique  position  to  be  aware  of  many 
current  and  future  requirements.  While  we  have  not  won  every  contract,  we  have  had  the 
opportunity  to  bid  on  every  major  program  and  thus  have  been  exposed  to  the  most  stringent 
simulation  requirements. 

1.1.  A  Few  Basics 

An  EW  threat  simulator  performs  three  basic  functions.  The  first  step  is  the  generation  of  the 
radar’s  transmit  waveform.  This  requires  the  generation  of  an  RF  waveform  with  the  appropriate 
PRI,  frequency,  pulse,  and  scan  characteristics.  This  waveform  represents  the  RF  signal  as  it 
leaves  the  transmit  antenna.  The  second  function  is  the  modeling  of  the  environmental  effects  as 
the  waveform  travels  from  the  transmitter  to  the  receiver.  This  model  takes  into  account  all 
factors  which  affect  the  electromagnetic  wave  as  it  travels  from  the  transmit  antenna  to  the 
receive  apertures  on  the  system  under  test.  The  final  step  is  to  model  the  aperture  and  receiver 
effects  as  the  waveform  is  measured  by  the  system  under  test. 

2.  Early  Simulation  Technology 

In  the  infancy  of  the  EW  threat  simulation  industry,  there  were  a  few  basic  requirements  to  be 
met.  Pulse  train  generation  consisted  of  simple  PRI  and  pulse  width.  Geometry  and  motion 
simulation  was  limited  to  simple  straight  and  level  flight  in  a  flat  earth  environment  updated  at  1 
Hz.  A  basic  radar  range  equation  was  used,  resulting  in  a  simple  20  log  R  range  loss.  The  RF 
signals  were  typically  generated  using  noisy  VCO  RF  sources  with  coarse  frequency  resolution. 
Modeling  of  the  system  under  test  was  implemented  by  a  generic  receiver  model  which  generated 
4  amplitude  controlled  signals  for  injection  into  an  amplitude  comparison  DF  receiver.  While  all 
of  this  may  sound  quite  limited  by  today’s  standards,  it  represented  the  state  of  the  art  at  the  time. 
It  was  also  sufficient  given  the  level  of  sophistication  of  radar  warning  receivers  at  that  time. 

3.  Factors  Pushing  EW  Threat  Simulator  Requirements 

In  today’s  environment,  there  are  several  factors  pushing  the  industry  to  higher  performance 
levels.  In  recent  years,  many  new  simulation  requirements  have  been  imposed  as  a  result  of  the 
increasing  capabilities  of  the  radar  system  being  simulated.  Other  requirements  are  driven  by 
increasing  sophistication  of  the  EW  systems  being  tested.  Another  contributing  factor  is  the  need 
to  do  more  testing  with  smaller  budgets.  Fortunately,  advances  in  the  state  of  threat  for  both 


digital  processing  and  RF  signal  generation  is  advancing  rapidly  enough  to  allow  threat  simulator 
manufacturers  to  keep  pace  with  ever  increasing  requirements. 

3.1.  Threat  Radar  Developments 

In  general,  a  great  deal  of  work  has  been  done  to  keep  pace  with  the  increasing  capabilities  of 
threat  radar  systems.  Recently,  there  has  been  much  interest  in  correctly  simulating  the  latest 
multifunction  radars.  These  types  of  radars  typically  use  electronically  scanned  arrays  which 
allow  pulse-to-pulse  beam  pointing  changes  for  the  tracking  of  multiple  targets  while  searching 
for  new  ones.  Each  beam  position  can  have  complex  PRI  patterns  or  pulse  bursts  and  the 
changing  PRI  waveform  must  be  synchronized  to  each  beam  position.  Other  modem  radars  use 
complex  pulse  coding,  non  linear  FM,  or  phase  coding  to  enhance  detection  and  tracking 
capabilities.  These  requirements  are  currently  being  addressed  and  high  fidelity  simulations  of 
these  characteristics  are  readily  available. 

3.2.  System  Under  Test  Developments 

There  are  many  areas  where  recent  developments  in  the  capabilities  of  the  EW  systems  under  test 
are  creating  new  or  more  stringent  requirements  for  threat  radar  simulation.  As  the  EW  systems 
increase  their  measurement  and  processing  capabilities,  there  are  corresponding  increases  in 
requirements  for  threat  simulation. 

3.2.1.  Increased  Receiver  Sensitivity 

Receiver  technology  advances  have  resulted  in  increased  receiver  sensitivity  for  the  systems 
under  test.  To  provide  a  suitable  test  environment,  a  threat  radar  simulator  must  maximize  the 
dynamic  range  of  the  RF  output.  The  noise  floor  of  the  RF  subsystem  is  dictated  primarily  by  the 
noise  floor  and  dynamic  range  of  the  RF  source.  Digitally  Tuned  Oscillators  (DTOs)  typically 
have  lower  noise  floors  and  greater  dynamic  range  than  synthesizers.  Manufacturers  of  both  types 
of  signal  sources  have  recently  reduced  the  noise  floors  of  their  sources.  There  have  also  been 
reductions  in  the  phase  noise,  which  new  receivers  are  more  sensitive  to. 

The  RF  chain  used  to  modulate  the  generated  waveform  for  transmit  scan,  range  loss,  and 
receiver  antenna  pattern  must  balance  the  distribution  of  component  losses  and  amplifier  gains  to 
preserve  as  much  of  the  original  dynamic  range  as  possible.  The  utilization  of  integrated  RF 
components,  consisting  of  amplitude  or  phase  modulators,  switched  filters,  and  amplifiers  allows 
the  distribution  of  the  gain  to  be  optimized.  After  the  dynamic  range  of  the  signal  has  been 
maximized,  it  must  be  properly  positioned  by  tuning  the  maximum  output  power  level.  In  the 
past,  the  emphasis  was  on  providing  maximum  output  power.  Recently,  there  has  been  more 
emphasis  on  lowering  the  noise  floor,  at  the  expense  of  a  reduction  in  maximum  output  power. 
As  receiver  sensitivity  increases  and  the  measurement  capabilities  of  the  receiver  improve,  EW 
systems  are  being  tasked  to  perform  additional  functions  where  the  lower  noise  floor  is  of  greater 
importance  than  higher  output  power.  (In  some  cases,  special  EW  simulator  test  configurations 
are  used  to  perform  high  power  saturation  of  receiver  front  ends.) 

Increased  receiver  sensitivity  also  results  in  higher  emitter/pulse  density  requirements.  The  lower 
sensitivity  allows  the  receiver  to  detect  emitters  at  greater  ranges,  bringing  more  signals  into  the 
field  of  view.  In  addition,  more  sidelobe  and  backlobe  pulses  will  be  detected.  This  requires  more 
emitter  pulse  generation  capability  in  the  digital  generation  subsystem.  Distant  emitters  must  be 
fully  simulated  to  maintain  coherency,  even  though  there  may  only  be  a  limited  number  of  pulses 
from  the  main  beam  which  are  above  threshold.  Increased  pulse  density  also  requires  more 
channels  in  the  RF  generation  subsystem. 


3.2.2.  Sophisticated  DF  Systems 


Major  improvements  are  being  made  in  the  DF  measurement  techniques  and  capabilities  of 
modem  EW  systems.  Several  simulation  enhancements  are  required  to  provide  adequate  testing 
of  these  new  capabilities. 

3.2.2.1.  Improved  Motion  Models 

The  geometry  updates  for  platform  motion  increase  as  EW  receivers  measure  angle  of  arrival  to 
greater  accuracy.  In  order  to  avoid  having  an  emitter  jump  more  than  one  angle  cell  between 
motion  updates,  geometry  calculations  must  be  performed  at  higher  rates.  In  some  cases,  motion 
and  angle  of  arrival  modulation  must  be  updated  at  rates  as  fast  as  1000  Hz.  In  addition,  a  full  6 
degrees  of  freedom  is  required  to  provide  a  proper  angle  simulation  as  an  aircraft  performs  highly 
dynamic  maneuvers.  Testing  the  ability  of  an  EW  system  to  maintain  emitter  tracks  during  such 
maneuvers  requires  highly  accurate  motion  models. 

3.2.2.2.  Doppler  Modeling 

Some  newer  EW  systems  utilize  Doppler  effects  to  measure  angle  of  arrival  through  the  use  of 
sophisticated  processing  algorithms.  To  support  testing  of  this  capability,  it  is  necessary  to 
simulate  both  PRI  and  RF  shifts  due  to  the  relative  motion  of  the  emitter  and  system  under  test 
platforms.  The  range  delay  time  changes  as  the  distance  between  the  two  platforms  changes, 
inducing  small  variations  in  the  PRI  from  pulse  to  pulse.  Simulation  of  this  effect,  known  as  PRI 
Doppler,  requires  extremely  precise  pulse  timing  in  the  nanosecond  range.  The  closure  rate 
between  the  two  platforms  also  generates  frequency  Doppler.  Very  high  precision  RF  sources  are 
needed  to  simulate  these  pulse  to  pulse  variations  in  frequency. 

3.2. 2. 3.  Simultaneous  Phase  and  Amplitude 

Some  new  receiver  systems  are  making  use  of  simultaneous  measurements  of  relative  phase  and 
amplitude  at  several  apertures  to  compute  angle  of  arrival.  Testing  this  capability  requires  both 
phase  and  amplitude  modulation  components  in  the  RF  path  for  each  receiver  port.  In  addition  to 
the  algorithms  required  to  compute  both  phase  and  amplitude  simultaneously,  it  is  also  necessary 
to  account  for  the  incidental  phase  shift  of  the  attenuator  and  the  incidental  amplitude  variation  of 
the  phase  shifter  or  vector  modulator.  In  systems  which  require  only  phase  or  amplitude  control, 
the  incidental  effects  are  not  significant.  However,  when  both  characteristics  must  be  controlled 
in  the  same  RF  path,  these  effects  become  extremely  important,  especially  in  light  of  tighter 
accuracies  needed  for  compatibility  with  current  receiver  capabilities.  Compensation  for  these 
effects  requires  sophisticated  multi-step  calibration  algorithms. 

In  addition,  new  receivers  are  using  increased  numbers  of  apertures  to  provide  more  precise  angle 
measurements  and  to  allow  multiple  functions,  such  as  signal  detection  and  precision  direction 
finding,  to  be  performed  simultaneously.  To  support  this,  a  more  modular  architecture  which 
provides  more  parallel  processing  is  required.  For  a  receiver  with  dozens  of  apertures,  it  is 
impractical  to  compute  all  of  the  required  phase  and  amplitude  values  at  a  central  point.  An  added 
benefit  of  a  more  distributed  architecture  is  that  the  design  is  more  easily  scaled  to  a  specific 
system  under  test  configuration. 

3.2.2.4.  Polarization  Modeling 

Some  new  EW  systems  are  making  use  of  apertures  with  both  vertical  and  horizontal 
polarization,  rather  than  circular  polarization.  Complex  aperture  modeling  is  required  to  properly 
stimulate  each  aperture.  For  each  emitter,  the  polarization  orientation  of  the  transmitted 
waveform  must  be  matched  against  the  vertical  and  horizontal  response  of  each  receive  aperture. 
Figure  1  shows  the  transmitted  wave  vectors  and  receive  aperture  vectors  and  how  they  are 
combined  mathematically. 
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ELEMENT  RESPONSE  TO  WAVE  IS  (Velement  *  Vwave)  +  (H  ELEMENT  X  HwAVe) 


Figure  1 

The  pulse  to  pulse  orientation  of  both  the  transmit  and  receive  platforms  must  be  accounted  for  in 
the  calculation  of  the  relative  orientation  of  the  transmitted  waveform  at  the  receive  aperture. 
Figure  2  illustrates  how  the  orientation  of  the  wave  relative  to  the  receive  aperture  is  determined. 
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Figure  2 

In  some  cases,  measured  data  shows  that  transmit  polarization  varies  significantly  outside  the 
main  beam  and  this  must  also  be  accounted  for  through  the  use  of  a  full  three  dimensional 
polarization  model. 

3.2.2.5.  Time  Difference  of  Arrival 

Another  emerging  technology  is  the  use  of  time  difference  of  arrival  for  direction  finding.  This 
requires  precise  pulse  timing  control  for  each  receiver  aperture.  Typically,  timing  is  required  to 
one  (1)  ns  resolution,  with  a  maximum  variance  from  port  to  port  of  150-200  nsec.  For  normal 
angle  of  arrival  simulation,  the  generated  pulse  is  split  into  several  paths,  one  for  each  receiver 
aperture,  and  then  phase  or  amplitude  modulated  as  a  function  of  the  geometry.  In  this  case,  the 
leading  edge  of  the  pulse  is  delayed,  leading  to  corruption  of  any  intrapulse  characteristics  of  the 
generated  pulse.  An  analysis  of  the  most  common  intrapulse  modulations  leads  to  the  conclusion 
that  preservation  of  bi/quadphase  modulation  is  desirable,  and  can  be  included  at  an  acceptable 
cost.  The  timing  delay  from  one  receiver  aperture  to  another  may  be  large  enough  that  an  entire 
phase  modulation  bin  would  be  eliminated  from  the  pulse.  Systems  looking  for  specific 
modulation  pattern  content  would  detect  different  patterns  at  different  ports.  On  the  other  hand, 
typical  chirp  and  FMOP  modulations  are  such  that  elimination  of  a  small  portion  of  the  leading 
edge  of  the  modulation  is  not  significant  to  the  receiver.  The  same  is  true  of  most  AMOP 
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modulations.  Of  course,  the  technology  to  preserve  all  intrapulse  characteristics  is  available,  but 
at  significant  cost.  For  most  systems,  inclusion  of  separate  frequency  and  amplitude  intrapulse 
modulation  elements  for  each  receiver  aperture  is  not  required.  Where  pulse  rise  and  fall  times 
are  controlled  for  each  emitter,  this  characteristic  must  be  preserved  for  each  receive  aperture. 

3.2.3.  Receiver/Processor  Capability 

As  with  many  things,  the  processing  capability  of  EW  systems  is  increasing  dramatically.  As  a 
result,  modern  EW  systems  have  increased  track  file  size  and  are  expected  to  handle 
environments  with  higher  emitter/pulse  densities.  Threat  radar  simulators  must  be  able  to  provide 
these  additional  densities  to  stress  the  processing  capabilities  of  these  new  receiver  processor 
systems.  Another  application  of  the  increased  processing  capability  is  the  utilization  of  precisely 
measured  pulse  times  in  sophisticated  algorithms  to  identify  the  underlying  clock  characteristics 
of  a  specific  radar.  In  support  of  this,  threat  simulators  must  be  able  to  model  crystal  count-down 
techniques  for  PRI  generation  with  extreme  precision  and  must  be  able  to  control  pulse  start 
times  to  one  (1)  ns  or  less. 

3.2.4.  Integrated  EW  Suites 

As  EW  suites  become  more  integrated,  it  is  necessary  to  provide  threat  simulators  capable  of 
stimulating  apertures  for  multiple  receivers  simultaneously.  Separate  outputs  may  be  required  for 
an  RWR,  a  jammer,  and  an  ESM  system.  While  no  one  system  may  have  a  large  number  of 
apertures,  taken  together,  an  integrated  suite  can  easily  have  upwards  of  40  apertures.  Also,  the 
different  systems  may  use  different  direction  finding  techniques,  including  amplitude,  phase,  time 
difference  of  arrival,  or  a  spinning  antenna.  The  threat  simulator  must  be  capable  of  modeling 
each  different  direction  finding  technique  simultaneously  for  each  pulse.  A  distributed  processing 
architecture  again  becomes  critical  to  supporting  this  requirement.  In  addition,  the  various 
subsystems  of  an  integrated  suite  quite  typically  communicate  with  each  other  over  a  standard 
bus.  To  support  development  and  testing  of  individual  subsystems,  it  may  be  necessary  for  the 
threat  simulator  to  provide  a  simulation  of  bus  message  traffic.  For  example,  testing  a  jammer 
may  require  generation  of  message  traffic  normally  provided  by  the  radar  warning  receiver. 

3.2.5.  Sensor  Fusion 

Sensor  fusion  is  a  growing  element  of  modem  electronic  warfare.  With  Sensor  Fusion,  there  may 
be  several  sensors,  including  a  communications  receiver,  radar,  EW  receiver,  and  an  IR  sensor, 
which  all  detect  and  characterize  various  target  signatures.  Higher  level  software  attempts  to 
correlate  detections  from  each  sensor  in  order  to  increase  confidence  in  target  identification  and 
location.  A  true  multispectral  stimulus  is  required  to  support  testing  of  the  fusion  algorithms.  A 
coordinated  environment,  including  precise  time  and  motion  synchronization  must  be  presented 
to  each  sensor.  Each  player  must  appear  at  same  time  for  each  sensor,  and  each  sensor  must  see 
the  player  at  the  same  location.  There  may  also  be  a  need  for  informational  synchronization, 
where  signatures  with  message  content  accurately  represent  the  environment  being  simulated. 
This  requires  the  ability  to  program  a  common  scenario  for  all  of  the  stimulators,  and  each 
stimulator  must  be  capable  of  accepting  precise  time  synchronization  from  a  master  control 
during  a  real  time  simulation. 

3.3.  Multipurpose  Laboratories 

As  laboratories  are  consolidated,  there  is  a  growing  need  for  a  single  laboratory  to  support 
multiple  systems  under  test.  It  is  no  longer  cost  effective  to  have  simulator  systems  configured  to 
support  a  single  receiver  configuration.  The  simulator  must  provide  reconfigurable  test  assets 
which  can  be  rapidly  reprogrammed  to  provide  phase,  amplitude,  or  time  difference  of  arrival 
modulation  for  each  output  port.  In  addition,  it  is  desirable  to  have  a  flexible  architecture  where 
the  interconnection  of  RF  generators  and  angle  of  arrival  modulation  assets  can  be  changed  to 
provide  a  higher  channel  density  with  fewer  output  ports,  or  higher  number  of  output  ports  for  a 


reduced  number  of  channels.  This  allows  a  laboratory  to  be  readily  configured  to  meet  changing 
test  requirements  and  receiver  configurations. 

3.4.  Training  Applications 

Training  applications  for  EW  threat  simulators  are  expanding  rapidly.  There  is  growing  interest  in 
stimulating  real  avionics  rather  than  modeling  the  function  of  the  avionics  in  a  trainer.  This  is  true 
for  both  on  board  trainers  for  ships  and  classroom  trainers.  Software  models  of  an  EW  system 
require  extensive  validation  and  constant  updates  as  the  EW  system  is  improved.  The  use  of 
actual  EW  system  hardware  eliminates  the  validation  step,  and  provides  a  more  realistic  training 
environment.  It  is  not  always  necessary  to  stress  the  processing  capabilities  of  an  EW  system  for 
a  training  application,  creating  a  need  for  smaller  simulator  configurations  which  still  provide  full 
emitter  fidelity.  This  is  especially  true  for  on  board  trainer  systems.  Also,  digital  injection  can 
provide  a  more  cost  effective  means  to  utilize  actual  avionics  as  part  of  a  trainer.  This  requires  a 
digital  model  of  the  receiver  front  end,  but  eliminates  the  need  for  expensive  RF  generation 
subsystems  and  also  eliminates  the  need  to  have  the  actual  system  under  test  receivers  present. 
Distributed  training  applications  also  require  threat  simulators  which  can  support  real  time 
control  interfaces  using  Distributed  Interactive  Simulation  (DIS)  or  High  Level  Architecture 
(HLA)  protocols. 

3.5.  Shrinking  Flight  Test  Budgets 

Flight  test  budgets  are  shrinking,  placing  more  emphasis  on  laboratory  simulation.  To  support 
this,  there  is  a  need  for  higher  fidelity  simulation  of  environmental  factors  such  as  terrain 
masking,  multipath,  ducting,  weather  effects,  and  wave  splashover.  All  of  these  characteristics 
are  present  in  range  testing  or  sea  trials.  In  order  to  be  more  reliant  on  laboratory  testing,  these 
environmental  effects  must  be  accurately  modeled.  This  provides  higher  correlation  between 
laboratory  results  and  flight  test  or  sea  trial  results.  As  the  correlation  between  the  results  from 
the  two  forms  of  testing  increases,  the  value  of  laboratory  testing  will  increase,  and  more  aspects 
of  system  performance  can  be  characterized  and  verified  without  costly  flight  testing. 

3.6.  Range  Applications 

Modem  EW  ranges  require  greater  flexibility.  There  is  a  need  for  dual  use  ranges,  which  can 
support  both  test  &  evaluation  and  training  requirements.  For  training  applications,  it  is  desirable 
to  have  a  training  range  integrated  with  an  EW  simulation.  For  these  applications,  an  EW  threat 
simulator  can  be  used  to  model  the  transmit  characteristics  of  a  threat  radar.  A  measurement 
receiver  can  be  used  to  detect  jamming  signals  from  the  aircraft  being  illuminated  to  support 
model  based  reactive  emitter  control.  A  major  benefit  of  adapting  an  EW  threat  simulator  for 
range  use  is  rapid  reprogrammability,  where  a  single  threat  site  can  be  used  to  simulate  multiple 
radar  sites  during  a  single  training  exercise  or  test.  To  maximize  the  flexibility  of  each  threat  site, 
wider  band  transmitters  are  used,  with  some  tradeoff  in  output  power.  This  also  provides  the 
capability  to  simulate  multiple  emitters  from  a  single  site,  providing  a  cost  effective  increase  in 
signal  density. 

3.7.  Support  Tools  Software  Environment  Generator 

As  the  capabilities  of  threat  simulators  have  grown  and  environment  densities  have  increased, 
there  has  been  a  higher  demand  for  enhanced  support  tools.  A  major  emerging  requirement  is  the 
need  for  automatic  dynamic  scenario  generation.  These  scenario  generation  tools  allow  the  user 
to  specify  an  initial  threat  laydown  and  rules  of  engagement  which  are  then  processed  by  an 
engagement  model.  The  model  may  use  either  a  predefined  flight  path  for  the  system  under  test 
platform  or  it  may  allow  a  man  in  the  loop  to  fly  the  system  under  test.  As  the  system  under  test 
platform  moves  through  the  environment,  the  engagement  model  controls  emitter  activity 
according  to  the  previously  specified  rules  of  engagement.  The  engagement  model  facilitates 
generation  of  realistic  dynamic  scenarios  and  allows  multiple  flight  paths  to  be  analyzed  for 
scenario  density  and  EW  system  performance. 


In  the  interest  of  maximizing  the  utilization  of  simulator  assets,  there  is  a  growing  need  for  non- 
real  time  signal  generation  and  analysis  tools.  These  tools  allow  the  operator  to  use  a  software 
model  to  generate  a  pulse  by  pulse  representation  of  a  scenario  and  save  the  results  in  a  disk  file. 
This  can  be  done  on  a  stand  alone  workstation  without  tying  up  the  simulator  hardware  assets. 
Once  the  pulse  file  is  created,  analysis  tools  can  provide  RF  signal  characterization,  density 
computation  and  graphical  plots  of  pulse  trains  which  can  be  used  for  emitter  programming 
verification.  In  addition,  pulse  density  analysis  tools  can  be  used  to  predict  system  throughput, 
pulse  contention  and  dropout.  These  predictions  can  be  used  in  RF  configuration  and  scenario 
tuning  to  optimize  simulator  performance.  Figure  3  shows  an  example  of  one  of  the  several 
analysis  tools  available.  This  tool  calculates  a  scenario  emitter  or  pulse  density  as  a  function  of 
time,  frequency,  AOA,  amplitude  or  several  other  user-specified  parameters 
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Figure  3 

3.8.  Integrated  Simulator  Applications 

As  laboratory  simulations  become  more  sophisticated,  there  is  a  need  for  real  time  interfaces  for 
laboratory  integration.  These  interfaces  may  include  ownship  navigation  control,  platform  control 
and  emitter  control.  The  host  processor  may  be  running  a  higher  level  SUT  simulation  or  utilizing 
real  time  engagement  or  performance  models  to  generate  real  time  scenario  changes.  Real  time 
interfaces  may  also  be  used  to  support  a  man  in  the  loop  flight  simulator.  These  types  of 
applications  require  the  threat  simulator  to  react  to  external  inputs  in  order  to  provide  a  truly 
reactive  environment.  Other  applications  require  remote  scenario  monitoring  by  a  host  computer. 
Trainer  systems  may  utilize  a  real  time  interface  to  the  instructor  station  to  support  real  time 
changes  to  the  training  exercise  and  monitoring  of  student  performance. 


3.9.  Monitoring  and  Analysis 


There  is  growing  interest  in  monitoring  and  analysis  tools  to  aid  users  in  the  verification  of 
simulations  and  analysis  of  system  performance. 

3.9.1.  Signal  Generation  Verification 

In  any  test  situation,  there  is  a  need  for  “truth”  data,  a  record  of  the  actual  test  stimulus  that  was 
generated.  This  is  needed  to  verify  that  the  correct  emitter  waveforms  were  generated  and  to 
monitor  simulator  performance.  Truth  data  may  be  recorded  in  the  form  of  digital  pulse 
descriptor  words  which  can  be  post  processed  for  performance  analysis.  This  form  of  data  is 
useful  for  detailed  analysis  of  pulse  train  generation  and  simulator  throughput.  Another  form  of 
truth  data  is  generated  by  a  real  time  signal  measurement  system.  This  system  captures,  analyzes, 
and  records  the  actual  RF  output  of  the  threat  simulator.  This  provides  verification  of  signal 
generation  at  the  final  outputs  of  the  simulator  for  maximum  confidence. 

3.9.2.  SUT  Performance  Analysis 

When  a  system  under  test  is  subjected  to  a  dense  dynamic  scenario  stimulus,  it  is  not  feasible  to 
determine  EW  system  performance  manually.  There  is  a  need  for  analysis  tools  which  can 
automatically  correlate  the  generated  stimulus  to  the  characterization  of  the  environment  made  by 
the  system  under  test.  Truth  data  recorded  by  the  threat  stimulator  provides  one  input  to  the 
correlation  process.  The  other  input  can  be  provided  by  re-recording  emitter  reports  or  similar 
data  available  on  standard  busses  within  the  system  under  test.  Additional  data  may  be  in  the 
form  of  real  time  measurement  of  actual  ECM  outputs  generated  by  a  jammer  system.  The 
simulator  truth  data  and  recorded  system  under  test  data  are  correlated  to  determine  correctly 
identified  emitters,  time  to  detection,  accuracy  of  measured  parameters  such  as  frequency  or 
angle  of  arrival,  missed  emitters,  and  false  emitter  reports.  These  results  can  be  analyzed 
statistically  or  presented  in  graphical  form  to  determine  quantitative  performance  of  the  system 
under  test. 

4.  Summary 

EW  threat  simulation  capabilities  must  meet  ever  expanding  requirements.  These  requirements 
are  the  result  of  the  increasing  capabilities  of  threat  radars  and  the  increasing  detection  and 
processing  capabilities  of  EW  systems.  Other  factors  influencing  emerging  requirements  include 
the  need  for  higher  fidelity  simulation  capability  to  provide  closer  correlation  between  laboratory 
testing  and  flight  testing  in  order  to  allow  greater  reliance  on  laboratory  results.  To  meet  these 
requirements,  a  new  generation  of  EW  threat  simulators  must  make  use  of  state  of  the  art 
technologies,  including  modular  scaleable  architectures,  high  speed  DSP/RISC  processors,  and 
integrated  RF  subassemblies.  Advanced  software  models  are  needed  for  scenario  effects 
including  platform  motion,  direction  finding  modulation  computation,  and  environmental  models. 
Significant  investments  by  both  EW  threat  simulator  manufacturers  and  users  are  required  to 
keep  pace  with  these  changing  requirements. 
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Possessing  adequate  simulation  is  a 
challenge  that  must  be  met  to  allow  reaping 
the  benefits  of  new  acquisition  and  test 
strategies.  This  challenge  is  not  unique  to 
System  Integration  Laboratories  (SILs).  This 
discussion  will  focus  upon  the  simulation 
challenge  within  a  SIL  test  environment.  The| 
simulation  challenge  concerns  three  aspects: 

1)  the  acquisition  of  the  necessary  data  or 
information,  2)  the  implementation  and  use 
of  data  in  creating  resultant  simulation  work 
products,  and  3)  retention  and  dissemination] 
of  data  and  simulation  products. 

Figure  1 

1.0  The  EWAISF 

The  ElectronicWarfare  Avionics  Integration  Support  Facility  (EWAISF)  is  a  government 
facility  which  serves  a  dual  role  as  an  Air  Force  commodity  electronic  warfare  systems  management 


&  software  support  center  and  as  a  system  integration  laboratory  (SIL)  for  the  electronic  combat  test 
community.  Simulation  of  threat  emitters  or  signals  has  always  been  a  part  of  the  software  change 
development  and  testing  process  methodology.  A  high  level  overview  of  the  electronic  warfare  software 
support  process  flow  is  as  follows:  As  one  or  more  external  factors  (such  as  threat  changes,  a  change  in 

tactics,  a  change  in  system  hardware,  a 
need  to  enhance  system  performance,  or  a 
need  to  satisfy  logistical  requirements) 
occurs,  the  change  process  starts.  New  or 
updated  requirements  are  provided  to  the 
EWAISF  team.  The  requirements  are 
processed  within  the  EWAISF  in  order  to 
develop  the  electronic  warfare  system 
software  change  and  the  required  test 
simulation.  Threat  simulation  is  used  in 
a  series  of  informal  and  formal  tests 
including  code  debug,  mission  data, 
integration,  verification  &  validation  and 
kitproofing.  After  the  resultant  change  is 
formally  released  by  a  configuration 
board,  the  change  is  distributed  and  then  installed  into  the  aircraft  which  allows  a  more  mission 
capable  posture.  A  typical  EWAISF  Integration  Support  Station  (ISS)  laboratory  configuration 
is  shown  in  figure  3.  This  configuration  consists  of  actual  electronic  warfare  system  hardware, 
computer  hardware  and  software,  and  simulation. 


Figure  3 


Figure  2 


2.0  Our  Simulation  Process  and  Technology 

The  EWAISF  simulation  process  has  a  goal  of  producing  adequate  threat  simulation 
files  in  support  of  electronic  warfare  systems  support.  How  we  meet  the  simulation  challenge 
could  affect  several  of  the  Air  Force's  Core  Competencies.  The  core  competencies  are  part  of 
the  strategic  vision  and  plans  of  the  Air  Force  in  the  21st  Century.  The  core  competencies  are 
Air  and  Space  Superiority,  Global  Attack,  Rapid  Global  Mobility,  Precision  Engagement, 
Information  Superiority,  and  Agile  Combat  Support.  The  competencies  are  tied  to  knowledge, 
expertise,  and  technological  implementation  that,  when  properly  applied,  produces  superior 
military  capabilities.1  Our  simulation  process  is  dependent  upon  information,  applied  knowledge, 
threat  expertise  and  software  &  simulation  technology  innovation.  The  basic  aspects  of  our 
simulation  process  are  1)  effective  process  methodologies  &  technological  innovation,  2) 
expertise  base,  and  3)  key  process  participants. 

The  IDEAL 

If  we  operated  in  an  ideal  situation,  the  input  information  and  data  requirements  would 
be  timely  received,  comprehensive  and  technically  appropriate.  Our  implementation  or 
utilization  phase  would  be  characterized  by  perfect  management,  manipulation  and  use.  The 
resulting  product  would  be  always  providing  the  right  quantity,  exhibiting  absolute  technical 
correctness  and,  of  course,  providing  perfect  utility. 

The  REALITY 

Our  operating  environment  does  not  conform  to  the  ideal  situation.  We  wrestle  with 
a  complex  "wicked  problem".  "Wicked  problem"  as  defined  by  E.  Jeffrey  Conklin  and  William 
Weil  in  their  paper  Wicked  Problems:  Naming  the  Pain  in  Organizations,  defines  a  wicked 
problem  having  the  following  attributes:  1)  evolving  set  of  interlocking  issues  and  constraints; 

2)  there  are  many  people  and  organizations  that  are  affected  or  care  about  the  resolution;  3) 
constraints  are  present  and  can  change  over  time;  and  4)  difficult  to  definitize.  2  Our  reality,  I 
believe  can  be  categorized  as  being  "wicked". 

The  elements  of  our  "wicked  problem"  is 
shown  in  figure  4.  Schedule  is  rarely 
simulation  friendly;  results  are  wanted  NOW. 

The  simulation  must  be  accurate  and  with  a 
high  degree  of  fidelity.  Cost,  resources  and 
technical  requirements  constraints  can  change 
over  time.  There  are  many  players,  officials, 
and  spectators.  Warfare  is  often  difficult  to 
thoroughly  definitize  and  bound  the  tasking. 

The  necessary  inputs  can  include  technical, 
program,  and  strategy  elements.  Data 

Figure  4 


1  Global  Engagement:  A  Vision  for  the  21st  Century,  Core  Competencies~http://www.xp.hq.af.mi]/xpx/2 1/core Jitm. 

2  Wicked  Problems:  Naming  the  Pain  in  Organizations,  E.  Jeffrey  Conklin  &  William  Weil- 

http://www.gdss.com/wicked.htm 


complexity  can  range  from  simple  bits  to  aggregate  volumes.  The  data  may  be  random 
or  organized.  We  concentrate  upon  the  engineering  model  level  of  the  simulation  spectrum.  We 
are  most  active  in  the  production,  fielding/deployment  and  operational  support  phases  of  the 
acquisition  lifecycle.  Our  process  consists  of  three  subprocesses:  1)  the  definition  phase,  2)  the 
implementation  phase,  and  3)  the  application  phase. 

The  Definition  Phase 

In  the  definition  phase,  we  accomplish  the  design  of  the  simulation.  Arriving  at  a 
technical  visualization,  as  pictured  in  figure  5,  is  dependent  upon  several  factors.  At  the 
programmatic  level,  there  is  the  dissection  of  the  requirements  to  provide  an  estimate  of  the 

simulation  effort  in  respect  to  time,  cost  and 
performance  constraints.  Technically,  the 
simulations  to  be  designed  are  dependent  upon 
1)  operational  characteristic  and  compositional 
data  and  2)  simulator  platform  parametric 
mapping.  Our  data  concerns  include  accuracy 
and  currency  of  the  information.  Also,  the  data 
must  be  understandable  and  reasonably 
presented,  identified,  and  properly  correlated 
with  associated  data.  Simulator  platform 
parametric  mapping  involves  determination  of 
complexity,  trade-off  options,  fidelity 
requirements,  and  other  requirements  and 
constraints  reconciliation.  We  do  not  operate  in 
an  "one  size  fits  all"  environment.  The  EW  system  platform,  the  system  under  test,  or  the  test 
objective  can  also  tailor  the  simulation  design.  In  our  environment,  there  are  many  simulation 
components.  These  include  specific  signal 
characteristics  that  are  platform,  system,  or 
subsystem  related  as  shown  in  figure  6.  The 
required  simulation  may  be  a  single  beam  of  an 
One-on-One  situation,  multiple  single  beams  of 
different  emitters,  multiple  beams  of  one  or  more 
emitters,  or  a  Many-on-One  situation.  The 
situation  could  be  a  static  test  case  or  a  time 
scenario  involving  events  and/or  spatial 
movement.  The  test  case  may  require  that  other 
signals  other  than  EW  signals  be  present.  Our 
basic  building  block  is  the  MODE.  Systems  to  be 
simulated  can  have  seemingly  infinite  operational 
modes.  It  is  not  possible  given  our  operating  constraints  Figure  6 

to  deal  with  all  instances.  We  select  our  simulation  candidates  upon  the  following  considerations 
(figure  7):  1)  our  customer's  (user)  information  such  as  mission,  role,  and  expected  operational 
environment  of  the  EW  system(s);  2)  system  information  such  as  threat  reaction  and 


Figure  5 


operating  characteristics;  3)  EW  system  information  such  as  spectrum  coverage,  receiver  & 
processing  implementation,  mission  programming,  and  display  options;  4)  the  strengths  and 
limitations  of  our  simulators;  5)  and,  of  course,  inherent  educated  and  experienced  mental 

activity.  The  threat  data,  the  various 
parameters  or  signal  characteristics,  of  a 
particular  simulation  candidate  are  defined 
and  developed  into  a  threat  definition  which 
will  result  in  a  simulator  file  in  the 
implementation  phase.  The  parameters  are 
properly  assigned  to  create  the  individual 
mode.  Our  mode  (simulation  definition)  may 
be  different  from  another  mode  in  only  one 
critical  parametric.  Some  modes  are  related  to 
others  and  we  maintain  that  relationship 
through  the  definition  and  the  implementation 
of  the  simulation.  A  summary  of  our 
Figure  7  definition  phase  is  as  follows:  1)  characterized 

by  data  acquisition  and  manipulation;  2)  is  dependent  upon  logic  and  visualization,  presently 
largely  a  human  tasking;  and  3)  needs  automation  further  than  the  employed  database  technology. 

The  Implementation  Phase 

Departure  from  the  definition  phase  means  that  we  are  confident  of  knowing  the 
requirements  adequately;  of  the  simulation  design  to  produce  adequate  modes;  and  of  our 
simulator(s)  to  accept  the  definition.  The  purpose  of  the  implementation  phase  is  to  translate 
the  definition  from  a 
design  to  a  simulation  file 
capable  of  being  used. 

Figure  8  shows  our 
technology  attempt  to 
assist  the  simulation 
definition  and 
implementation  phase  by 
automation. 


PC  workstation 
software  procedures 
networked  to  simulator 
controller  to  simulator 
RF  subsystem. 


FIGURE  8 


Our  implementation  process  consists  of  three  subprocess  steps  and  one  major  decision  step.  The 
first  step  is  called  parametric  entry.  A  simulation  definition  can  be  quite  complex  and  require 
a  large  number  of  entries  of  data  and  data  sets.  Currently,  we  employ  both  manual  and 
"automated"  means  of  populating  the  simulator's  file  formats.  This  step  requires  a  high  degree  of 
accuracy  and  associated  data  manipulation  skill.  Communication  between  the  simulation 
designer  and  the  simulator  implementer  is  necessary.  The  second  step  consists  of  two  parts, 
execute  and  measure,  begins  after  the  simulator  is  populated  with  the  simulation  definition.  We 
execute  in  real-time  the  simulator  file  and  measure  the  critical  parameters.  In  this  step,  we  find 
out  if  the  definition  is  acceptable  to  the  simulator.  This  part  involves  the  simulator  technician 
(implementer),  the  simulator,  the  definition,  test  equipment.  The  second  part,  analyze,  follows 
or  is  performed  concurrent  with  the  execute  and  measure  action.  This  action  involves  processing 
data  to  assist  in  answering  the  questions  whether  the  simulator  file  is  accurate,  whether  the  file 
operates  correctly,  and  whether  any  outstanding  or  unexpected  limitations  were  found. 
Communication  between  the  simulation  designer  and  the  simulator  implementer  is  important. 

The  third  step,  evaluate,  is  the  action  which  answers  the  questions  and  determines  the  next 
action  to  take.  The  choices  include:  1)  is  an  adjustment  needed  to  the  simulation,  2)  does  the 
simulator's  software  or  hardware  need  attention,  or  3)  the  simulation  meets  criteria.  The  decision 
step,  accept,  involves:  1)  simulation  is  available  for  testing  use  and  2)  simulation  becomes  an 
item  for  our  threat  library  procedure.  Our  library  procedure  requires  constant  information  source 
awareness  and  continued  partnerships.  As  part  of  our  library  procedure,  the  simulation  files  are 
reviewed  and  kept  current.  Feedback  from  testing  use  is  also  important.  A  pictorial  of  the 
implementation  process  is  below  in  figure  9. 


Figure  9 


The  Application  Phase 

Before  discussing  the  application  phase,  some  more  background  information  about  the 
EWAISF,  test  operations,  and  simulator  database  will  assist.  The  simulation  and  evaluation 
branch  supports  a  number  of  EW  systems.  Any  or  all  may  need  critical  simulation  support.  We 
operate  in  what  can  be  described  as  "prime  time"  and  in  an  environment  in  which  demands 
expert  performance.  In  the  EWAISF,  there  are  a  number  of  threat  simulators  (over  25)  mainly 
in  the  radio  frequency  (RF)  spectrum.  In  support  of  the  EW  systems,  we  have  over  4,000 
simulation  files  replicating  modes  of  about  510  threats.  In  addition,  we  support  these  EW 
systems  with  other  required  test  stimuli.  Figure  10  gives  a  pictorial  view  of  the  EWAISF  in 
block  diagram  form  with  our  networking  and  key  elements. 


Figure  10 


Systems,  threat 
database,  threat 
simulator  (RF 
subsystem), 
classified  and 
unclassified  nets. 


The  basic  building  block  for  the  EWAISF  is  the  Integrated  Support  Station  (ISS).  ISSs  exist 
within  the  EWAISF  to  support  software  change  development,  test,  and  other  system  support 
activities.  The  heart  of  each  ISS  is  the  EW  system  which  is  implemented  as  hardware,  simulated 
or  hybrid  entities.  Simulation  capability,  especially  threat  simulations,  is  an  important 
component  of  each  ISS  and  our  test  methodology.  Figure  1 1  shows  in  block  diagram  form  the 
composition  of  an  EWAISF  ISS.  Brief  description  of  each  component  is  as  follows:  1)  The  EW 
UUT  —  the  component  which  includes  the  hardware,  firmware  and  software  of  the  EW  system 
(unit  under  test).  In  our  implementation,  not  all  EW  system  components  are  necessary.  2)  The 
EW  UUT  Control  —  this  component  may  be  the  EW  system's  own  processor(s)  or  a  separate 
computer  which  allows  controlling  system  functioning.  3)  The  EW  UUT  Monitor  -  this 


component  is  specialized  and  general  test  equipment  which  provide  instrumented  data  collection 
and  analysis  capability.  4)  Simulator  —  component  which  provides  the  Radio  Frequency  (RF) 
threat  environment.  We  also  have  one  IR  threat  simulator.  Our  current  threat  library  is  mostly  in 
the  RF  spectrum.  5)  Avionics  Simulation  —  this  component  provides  other  signals  such  as 
navigational  data  .  6)  Test  Control  —  The  function  of  this  component  is  to  provide  some  level  of 
automated  test  sequencing  and  scoring  of  EW  system  performance.  The  concept  is  in  the  third 
phase  of  implementation  in  the  EWAISF.  7)  Simulation  Design  Assistant  —  This  component  is 
to  provide  some  design  and  implementation  assistance  for  threat  simulations.  In  this  effort,  we 
have  completed  a  concept  demonstration.  8)  Process  Monitoring  &  Control  —  This  component  is 
to  allow  enhanced  event  correlation  and  time  synchronization  and  to  provide  RF  threat 
simulation  status  and  parameter  monitoring.  Automation  of  this  component  is  being  pursued. 

9)  Timing  Reference  —  Component  to  establish  basic  timing  synchronization  between  the  ISS 
components.  10)  Computer  networking,  databus,  and  RF  cabling  -  this  component  provides  for 


both  classified  and  unclassified  information  transfer.  This  figure  (figure  1 1)  is  related  to  figure  3 
/"A  in  that  figure  3 

\  shows  a  view  of  the 
EWUUT. 
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Figure  11 


Application  Issues 

In  our  test  methodology,  the  focus  is  whether  the  simulation  files  are  suitable  to  provide 
the  stimuli  in  order  to  test  the  EW  systems.  In  preparing  for  an  EW  system  test,  our  first  question 
to  be  answered  is  does  a  simulation  file  exists?  If  not,  we  initiate  the  definition  phase. 

The  next  question  is  how  dated  and  accurate  is  the  simulation?  We  must  operate  with  the  latest 
and  with  highest  possible  accuracy.  The  third  question  is  there  any  "side  effects"  due  to 
simulation  tailoring?  We  are  concerned  with  proper  scoring  of  EW  system  performance  due  to 
any  testing  limitation.  Lastly,  we  are  concerned  with  proper  testing  execution.  Is  the  simulator 


operating  within  the  design  tolerances  of  the  simulation  file  and  of  the  simulator's  hardware  and 
software?  Figure  12  is  a  pictorial  overview  of  the  application  phase.  The  inputs  are  1)  a 
programmed  simulator,  2)  engineering  documentation  of  the  simulation,  and  3)  test 
documentation  (plan,  procedure,  and  predicted  results  (for  automated  scoring)).  This  phase 
utilizes  execution  of  simulation  test  files  and  evaluation  of  system  response  data.  There  is  much 
communication  and  interaction  among  the  test  engineer,  the  simulation  implementer  (simulator 
technician),  the  simulation  designer,  the  EW  system  engineer,  and,  often,  the  customer.  We  are 
striving  for  a  level  of  automation  in  the  execution  of  our  testing;  however,  there  is  still  much 
value  for  maintaining  the  human  test  factor. 


Figure  12 


3.0  Keys  to  SUCCESS 

Developing  and  using  simulation  files  successfully  depends  upon  three  distinct  items: 

effective  processes  &  technological  tools, 

skilled  personnel, 

and  active  intelligent  partnerships. 

The  three  components  do  not  have  to  be  equal  but  there  is  a  proper  balance. 

Unbalance  in  any  area  creates  difficulties  and  constraints  and  intensifies  the  simulation  challenge. 
The  three  components  are  necessary  simulation  basics. 

Effective 
Processes  & 
Technological 
Tools 

Without  an 
effective  process 
and  the 

technological  tools 
lu  accomplish  the 
process  steps, 
data  acquisition  and 
manipulation, 
simulation  definition 
and  design,  and 
simulation 
implementation 
would  be  a  very 
formidable  tasking. 

The  cycle  consists 

of  these  steps: 

development,  execution,  analysis  &  evaluation  and  improvement.  The  process  must  be  flexible 
enough  to  allow  for  creative  innovation  and  to  assimilate  technology  as  tools  are  developed  and 
are  available. 


Figure  13 


Skilled  Personnel 

The  second  factor 
in  our  simulation  equation 
is  personnel.  The 
discussion  will  focus  upon 
the  knowledge  and  skill 
requirements.  The 
process  of  designing, 
building,  and  using  threat 
simulations  is  a  busy  and 
highly  involved  set  of 
operations.  Due  to  the 
number  of  variables  and 
the  differences  between 
threats,  design  solutions 
are  almost  infinite. 
Currently  no  complete 


training  course  and  no  complete  user's  guide  exist. 


Figure  14 


Some  of  the  types  of 
knowledge  and  skill 
required  are  presented  in 
the  following  figures. 

Basic  understanding  of 
RADAR  principles  is 
fundamental.  Knowledge  of 
test  instruments,  of  their 
application  and  use,  and  of 
complex  measurement 
principles  is  required. 
Understanding  signal 
acquisition  and  processing 
functions  of  the  EW  system 
under  test  is  important.  As 
EW  systems  evolve  into 
integrated  suites,  one  must 
understand  the  total  system 
architecture,  the  system  and 


subsystem  functional  capabilities,  and  points  to  acquire  adequate  test  data. 


Figure  15 


The  most  critical 
aspect  is  to  keep 
current  about  the 
threats  of  interest. 
Knowledge  of  threat 
information 
databases,  their 
formats,  and 
embedded  technical 
data  is  necessary  in 
keeping  current. 
Simulation  theory  and 
application  practice, 
simulator  platform 
acquisition  & 
sustainment,  and 
simulation  software 
are  also  veiy 

important.  The  Figure  lb 

necessaiy  knowledge  and  skill  in  our  circumstance  is  distributed  among  a  small  team.  Similar  to 
the  overall  success  keys,  there  must  be  proper  balance.  Technology  can  provide  assistance  in 
performing  simulation 
operations  and  in  training  of 
personnel  but  the  required 
technological  toolset  are  not 
available. 

Partnerships 

Intelligent  partnerships  are 
important.  Our 
partnerships  include  the 
following:  1)  our 
customers  —  the  providers 
of  the  requirements  and  of 
the  necessary  funding;  2) 
our  intelligence  sources  - 
-  the  providers  of  the 
necessaiy  threat  data;  3) 

our  logistics  and  research  partners  who  provide  hardware,  Figure 

software  and  facilities;  4)  our  test 


partners  who  provide  test  data  and  test  methodology  practices;  and  5)  our  contractors  who 
provide  technical  and  materiel  support. 

4.0  Conclusion 

Today  there  is  a  challenge  within  a  System  Integration  Laboratory  concerning  adequate 
development  and  use  of  simulations.  Meeting  tomorrow's  simulation  challenge  will  still  depend 
upon  the  these  three  basic  resources  in  proper  balance:  1)  expert  personnel;  2)  intelligent 
partnerships;  and  3)  technology  and  processes.  The  process  and  technology  are  certainly  very 
critical  in  maintaining  excellence;  however,  we  must  not  fail  to  realize  that  although  personnel 
elimination  is  good  for  the  financial  aspect  of  operations,  that  the  performance  edge  has  come 
from  human  effort  and  expertise. 
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Provide  an  affordable  sea  test  program  in  littoral  environments  that  will  enable  the  transition  of  advanced  USW 
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Patuxent  River  complex  provides  a  unique  opportunity  to 
facilitate  this  strategy 
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Changing  Roles 
Current  Challenges 
Sources  for  Solutions 
On  Going  Efforts 
Summary 


\t>  °i  1 


A  Program  office  budgets  through  task  leader 
budgets  could  accommodate  software 
technology  research  and  insertion 

A  All  levels  of  the  Organization  were  funding 
research  into  local  problems 

A  Research  was  done  by  organic  personnel 

A  Small  hard  problems  were  solved,  Point 
solutions  were  developed 


. _ _ _ _ _ 3g£ _ _ 

4  Funding  transitioning  from  Long  Term 
research  to  Short  Terms  product  focused 
tasks 

4  Funding  is  controlled  at  a  higher  level 

A  Technology  is  being  pushed  down  and  across 
the  organization 
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A  Competition  for  funds  is  open  and  fierce 
A  Re  search  needs  to  have  a  Navy  Product  Focus 

A  Research  needs  to  have  broad  DoD /Industry 
Application 

A  Solve  hard  general  problems  and  develop 
general  solutions 


System  of  Systems 
#  Network  Centric  Warfare 
Maintenance  of  Complex  Software  Systems 
Development  of  Complex  Software  Systems 


Interdep  endent 
Systems  vary  from 
platform  to  code 
module  in  scale 

Systems  going  to 
COTS  andGOTS 

Primes  Lead 
Development 


.4  Increase  functionality 
and  effectiveness  of 
S  y s  tem  of  S  ys  tem  s 
without  adding  systems 

4  Apply  Data  Resources  to 
any  system  from  any 
sys  tem 


4  Commercial  End  Of  Life 
A  New  Open  Standards 
A  N  ew  Systems 
A  New  Integrations 


\  \  Qa- 


We  have  no  choice 
but  to  integrate 
upgrades 

Can  we  integrate 
before  the  upgrade 
becomes  obsolete? 
DoD  only  Decision 


Maintenance 

Syi  ttm 

&  What  The  Programs  Will  Soon  Require 

#  Modification  of  complex  software  systems  by 
personnel  with  little  or  no  experience  who  must 
rely  solely  on  new  technology  to  succeed 

#  Modifications  made  relatively  overnight  and  free 
as  compared  to  full-scale  development  effort 

A  Do  we  have  any  silver  bullets? 

i  No,  but  we  are  collecting  some  of  the  pieces 
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A  Decrease  Cycle  Time 
#  Field  prototypes 

4,  Modify  Development  Process  To  Decrease 
Life  Cycle  C  osts 
m  No  affect  to  development  costs 
A  Distributed  Development 

m  Decrease  Cycle  Time  and  Increase  Reliability 


Sani^i  Ibf’  Stalitti&iii 


4  People  to  think  of  the  solutions 

•4  People  to  convey  the  solutions  to  the  funding 
sources 

4  People  to  realize  the  solutions 

4  Teams  from  DoD,  Industry  and  Academia 
work  the  best 

4  Software  Technology  is  NOT  institutionally 
funded  atNAYAIR 
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4  Advanced  Software  Technology  Laboratory 
A  D  evelop  Memorandums  of  Understandings 
and  Cooperative  Agreements  to  share 
resources  with  Academia  and  Industry 


\  \  \  o 
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A  Direct  Project  Funding 

A  Small  Business  Innovation  Research  Program 
(SBIR) 

A  Corporate  Investment  Program 
A  Bid  and  Proposal  B&P 
A  Office  of  Naval  Research 
A  DARPA,  NSF,  Other  Laboratories 
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TIMMS 


A  Software  Metric  to 
predict  throughput  in 
design  and  coding  phase 

,4  Fills  the  gap  between 
throughput  budgets 
allocated  in  the 
requirements  phase  and 
measured  throughput  in 
the  integration  phase 


•'vShllfcC'  £ 
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Smart  algorithm  to 
capture,  index  and 
store  continuous 
execution  path  data 
from  real  time  software 
sys  terns. 

Creates  a  database  of 
how  the  system  actually 
works  while  it  is 
op  erating 


\\\s 


A  Money  for  small  hard  local  problems  is  gone 
and  money  for  large  general  problems  is  hard 
to  get 

#  System  of  Systems  -  Network  Centric 

#  Maintenance  and  development  of  complex 
software  systems 

A  We  need  to  work  together 

#  Share  ideas,  people,  resources 


JAWS  Conference  C APT  Bud  Jewett 

18  June  1998  Head,  Avionics  Department 

(301)  342-0064 


C4ISR&T  Challenges  (nmmS 


Requirements  for  C4ISR&T 


Sensor-to-Shooter  response  requirements 
Identification  requirement  --  "CNN"  Factor 


Acquisition  Environment 


Slide  #  4  '  .  _  .  6/18/98 


Challenges  for  C4ISR&T 


Participation  in  Doctrine  and  Architecture 

defining  events - 

•  Demos,  Exercises,  Battle  Experiments 


Participation 


86/81/9  ,  '  8  #  m\S 


Capabilities  to  Address 


Sensor-to-Shooter  capabilities 

•  Threat,  Targeting,  and  BDA  info 


Technical  Compliance 


Common  Operating  Environment  (COE) 

Global  Command  &  Control  System  (GCCS) 
-  special  connectivity  requirements 


Overall  Objectives 


Infrastructure  that  is  interoperable  for: 

•  Development,  T&E,  Participation  as  Nodes  in  Demos 
and  Exercises 
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The  Application  of  Statistical 
Methods  to  Software  Test 
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Why  do  we  test  software  i 


■S' 

cd 

OJ 

5-h 

C/3 


.S  2 

2  c 

»  o 

C/5  O 

S  s 

IS 

Cd  *t— I 

c/5 

cd  ^ 

I  8 

.2  2 

cd  ^ 

is  o 


»-i  cJ 

r5  ^ 

O  o 


C/3  KV 

S3 

2  -2 

S  ’o 

oj  *^3 

Q  «c 


I  1^.0 


C/3 

C/3 

0) 

o 

C/3 

o 

CD 

C/3 

0) 

t-H 

<D 

cd 

& 

£ 

0) 

o 

d 

c/3 

c/3 

cd 

<D 

0J 

£ 

e 

4h 

cd 

o 

> 

<D 

!> 

o 

•i~H 

,Cd 

£ 

P-H 

o 

X 

or 

CO 

TJ 

O 


<D 


O 

•t-H 

+-> 

cd 

OJO 

to 

0) 

> 

C 

u 

Cm 

•^H 

C 

0) 

•*H 

o 

CO 

Ph 

Oh 

cd 

OJ 


CO 

<D 

> 

•^H 

u 

<X> 


o 

c 

o 

X3 

CD 

co 

cd 

jQ 

CO 

0) 

CO 

CD 

X 

O 

Ph 

£ 

0) 

td 


M 

o 

b 


CO 

<D 

CO 

O 

45 

M 

o 

Ph 

£ 


CO 

<D 


CO 

c 

0) 


•*H 

M 

P 

Ph 

X 

o 

p 

dJO 

*co 

p 

Q 


CO 

C 

0) 


M 

P 

Ph 

X 

P 


M 

£ 

Ph 


Evaluate  results 

Develop  conclusions  based  on  results 


Formulate  hypotheses 


failures  of  type _ when  tested  under 

conditions.” 


Design  an  experiment:  How??? 


(What  is  the  risk  of  not  testing  all?) 


There  are  many  test  case  selection 

techniques 
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(How  do  we  describe  the  ones  we  did  not  test?) 


Statistical  methods  for  test  and 
evaluation  of  software 
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Benefits  of  statistical  methods 
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i  Quantitative  analysis  of  test  results. 


The  Statistical  Testing  Process 


Product  and  Process  Measurement  and  Conclusions 


The  Statistical  Testing  Process 


Product  and  Process  Measurement  and  Conclusions 


Determine  test  boundar 


Determine  specific  test 
objectives  and  constraints 
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Consider  life  cycle  phases 
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LINKING  1998 
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overview, 


TEST 


1  “Virtual  Boy”*  in  the-atfic?’ 


„z?i 


i  *#» 


»s 


Rm  I  Stared  tadfjmairR  &r  Kiritcritlo 


rom,  observer  in  lighter  than  air  craft,  to  - 

Complex  "do  it  air  EW  systems 

•  effect,  identify.  and  provide  situational  awar&hei 
a  Determine  appropriate  acfic  ns 

•  initiate  counter  measures  &  cue  maneuvers 


zuain  w  sc  o  t  h  a:  -  <  j  «* 


:0I 


■THUNDER 

ua 

-  Muili-Day  Cl 

anptign;  Theater  Ls 

--  Porc&on-Fo 

rce;  Aif-Land  Bale 

.  . . -11 - - 

SUPPRESSOR 

-  AirSuperioriti'/SEAD;  Mission  Level 
“  MyfW-vs-Many;  A^LancLialile 


y  lADSivMissfon  Level 

ve-Many;  Airiand-Batil© 


SuiVivabffiy;  Engagement  -Lev? 
One«vS“Ctee;  Mr4siM  Battle 


k  ■ 


AERODYNAMIC 

ENGINE 

EQUATIONS  OF 
MOTION 


■  FLIGHT  CONTROL 
SYSTEMS 

■  AIRCRAFT  SYSTEMS 

■  ATMOSPHERIC 

m  %  ra  ^  a  I4  A  a  jmt  a.  i  i 


DISPLAYS 


A  COMPLEX  iMTERCONNiCTEO  ARCttiTECTUBE 
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t»0mL*C^WATO 
WDCOMTHQL  .SBMTERS 


CAPABII  ITIES 

wrtl  lUILI  I  I  Wmm  sJ 

IS  -  STANDALONE  DIADS 


■  Air  Defense  Ops  Center 
(ADQC) 


■  Fire  Control  Radars 
-  40  Med/Long  Range 


(IOC} 

■  20  AAA  Command  Centers 


SAM.  1 0  Active 

-100  Short  Range 
SMI.  10  Active 

-  100  AAA,  10  Active 
■  200  Als?  40  Active,  10 
Types 


■  75  Radar  Posts 

■  250  EWHIF/Acg  Radars 
(100  active) 


mm 


m  200  Penetrators,  60 
Active,  10  Types 

■  6  SAM  Types 

■  0  AAA  Types 


VIRTUAL  SIMULATOR  TESTING  “LainrfCT  LisP 


■  -ENVELOPE.  EXPANSION 

■  FLIGHT  CONTROL  FAILURE 

■  HUMAN  FACTOR  INTERFACE 
STUDIES 

■  EMERGENCY  PROCEDURE S 

■  SENSITIVITY  ANALYSIS 

■  MISSION  REHEARSAL 

■  SYSTEM  FAMILIARIZATION 
m  CONTROL  SYSTEM 

FUNCTIONAL  TESTING  W 
FAILURE  STATES 

■  ANOMALY  INVESTIGATION 

■  EW  BLUE/RED  OITL 


■  MANEUVER  PRACTICE  AND 
DEFINITION 

■  AIRCREW  &  ENGINEER 
TRAINING 

■  ACCIDENT  INVESTIGATION 

w  FLIGHT  SAFETY  EVALUATIONS 
m  EFFECT  OF  STORE  CARRIAGE 

■  STORE  SEPARATION  AND 
WEAPONS  DELIVERY 
ACCURACY 

■  GREW  RESOURCE  TRAINING 

■  ENGINE  TRANSIENTS  AND 
AIRSTARTS 

■  ANALYSIS  AN  D  TR  A I  MING 


mam 


VIRTUAL  SIMULATOR  ADVANTAGES 

■  RAPID  RECONFIGURATION 

■  REAL-TIME  MODIFICATION  OF  ANY 
SIMULATION  PARAMETER 

■  INPUT  ACTUAL  FLIGHT  TEST  DATA 

■  RECORD  PILOT  INPUTS  FOR  REPEATABLE 
MANEUVERING  TARGETS 

■  TAILORABLE  VISUAL  SCENES  20  -  380 
DEGREES 

■  LINKABLE  WITH  I  FAST  OR  DIADS  FOR 
HAR  D  WAR  E-l  N-T  H  E-LOOP 


vnm 


HITL  APPLICATIONS 


I  a  I  i  i  ii 


■  SUBSYSTEM  OR  SUITE 
SPREAD  BENCHES 

■  P  ROTOTYPE/P  RE-PRGDU  CT1 0  Nf 
PRODUCTION 

■  BRASSBOARD/BREADBOARD 

■  OPERATIONAL  SOFTWARE  IN 
TARGET  PROCESSOR 


■  MAY  INCLUDE  THREAT  REPRESENTATIVE  HARDWARE  / 
SW /SIGNALS 

■  DYNAMIC  AERO  AND  SIGNALS  ENVIRONMENT 

■  STORES  MAY  BE  INCLUDED 


MAS#" 
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FE 
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THREATS 


■  INFRARED  TEST  LABORATORIES 
—  SEEKER  DEVELOPMENT 
-  1RCM  DEVELOPMENT 


WORLDS-^  LARGEST  INSTAL'LEE 
TEST  FAGILITY  (JSTF)  &  MEASt 
FACILITY  (M.F) 

-  * 2SQ&X 70ft :{mt  ZDOfl  x  68ft) 

-  P'Lli$-:SMIALL6MI/BWICt€Si‘:ROOM 


ga 


^fcss^. 


:T  POV 

•ACE  R 
LATTEL 


ILITIES 

EQ UENGY  (0.5-18 

OTRIN3IGALLY 

ATTENUATION 


APPROX  1  m  m -QUIET  ZONE. 

EAT  GENERATION  (CEESIM  8000) 

ND,  SEA,  AIRBORNE  THREATS 
0  SIMULTANEOUS  SIGNALS  AT  DIGITAL  LEVI 
TOO  SIMULTANEOUS  SIGNALS  GENERATED  AT 
TAILORABLE  PARAMETERS  CORRELATING  WF 
OAR  THREATS 


■  ANTENNA  PATTERNS 

■  APERTURE  AIRFRAME 
INTERACTIONS 

■  -MULTI  AIRCRAFT 
INTEROPERABILITY 

■  AOA  ACCURACY 
■ ' '  ECM  AND  ECC  M 


•UNINTENTIONAL  EMISSIONS: 
ERR  MEASUREMENT 
EMITTER.  DETECTION,  IB  AND 
■SYSTEM/RERFORMANCE 

TARGET  RESOLUTION/ 
SIGNAL  CORRELATION 

MULTI-EMITTER  SCENARIO 


^runsc 

■  MIN  DISCERNIBLE 
SIGNAL 

■  THREAT  ID 

■  SYSTEM  RESPONSE  TIME 

■  ROLARIIATTON  TESTING 
M  SECURE  EMISSIONS 


PERFORMANCE 

■  ANOMALY  INVESTIGATION 

■  ENI1/EMC,  RF  COMPATIBILITY 

■  SUT  CHARACTERIZATION 

■  RCSiiMAGlNG 

■  GPS  JAMMING 


ATION  WARFAR 


FUTURE  Al 
CAPABILITI 


DIGITAL  lADS-R'EDCAP  .(DIADS-REDGAP) 

-  ON-SITE  REDCAP  OfTL  EQUIPMENT 

ELEOTRONIQ  COMBAT  INTEGRATED  TEST  (EC IT) 
UPGRADES 

-  RJF  COR  RELATE©  6WrC  Ml,  AND  RADARTHREATTARGETS 

-  TOREAWAROEt  SlMUIATORS  TIED  TO  ifast 

-  MULTISPECTRAL  CORRELATED  THREATS, TARGETS 

-  HIGH  FIDELITY  IR  SCENE  (TARGET)  GENERATOR 

-  LINKAGES  TO  GO-LOCATED  ATIC  FACILITIES;  BAF.  IFAST.  TEMS, 


ED  SEEKERS 

E  MISSION  SIMULATOR  (AWMS) 


THREE..FHASE  APPROACH 


■  PHASE  I;  Ftm 

-  INFRASTRUCTURE  &  GENERIC  TEST  CAPABILITY 

*  HIGH  OENSITY-RJEALISTK;  RF  ENVIRONMENT 

■  PHASE  2:  FY€Q 

-  GNI  STIMIILATION 

-  kmmmmwr  generation 

-  RF  CORRELATED  EWr  CNI,  RADAR  THREAT SAAR  GETS  FOR 

STRESS  TESTING 

■  phase  s'  mm 

-  mm  TARGET  GENERATION 

-  MULTISPECTRAL  CORRELATED  THRIATSAARGITS  POR 

SYSTEM  CORRELATION  AND  DATA  FUSION  EVALUATION 


wa 


[ZZ3  FAO!E,meS  T.s  m  TmE&T  51TE 

DBSmCONCEPT 


m  A^lOrtice. &  EWtest  pmcess  are  disciplined  recursive 


approach  to  lasting  that  is  "tailored"  to  your  risk 
management  strategy 

■  Full  spectrum  of  ground  facilrties  available  at  AFFTC  to 
support  risk  mitigation 

■  Ground  test  facilities  complement  OAR  test  capabilities 
•  Constructive  M&S  through  virtual  D1  ADS- and  campaign 

level  simulations 

■  Avionics  Integration  labs  F»15,  F-16,lF-22,  B-1B 

■  Large  Anechoic  Chamber  for  RF  ^-electromagnetic  tests 


DBStGN  CONCEPT 


&  EW  test  process  are  disciplined  recursive 
to  testing  that  is  'tailored”  to  your  risk 
management  strategy 


■  Fyirspectrum  of  g found  facilities  available  at  AFFfC  to 
support  risk  mitigation 

■  G mu md' 'test  facilities  complement  OAR  test  capabilities 


■  Constructive  M&3  through  virtual  D  IADS  and  campaign 
level  simulations 


■  Avionics  Integration  Labs  F45,  F-16;  F-22:  B-1B 

■  Large  Anechoic  Chamber  tor  RF  &  electromagnetic  tests 


'mm 


■  SINGLE-FAC E-TQ-CUSTOMER;  RALPH  NELSON  OR  BOB  HANLON 
—  DSN  525-9250/C<yrumrCm!  (895)  275-9250 

m  BttViEWTm  Process)  PICK  MCQUILLAN 
- '  om  'B&ttt&Ddmmfdei  (BBS)  27$#$ f 5 

■  iwW:  LT  00L  RANDY  K1LLV  or  RI  CK  ST1RAMA 

-  DSN  527-S404mmme^3!  (805)  277-5404 
i  EWWA  (BAF):  PAT  DUBRIA 

-  DSN  527mmtemmmi05)  277‘Sm 

m  BNm  .(iFAST);- ;'$HElLA-RDRR6TTi 

-  DSN  52?-8589/Corr:mGrJa!  (Sm  277-6589 

m  EWvVS  (TEh/iSS.DfADSj'RE  DCAP):  JOE  FIOTROWSKI 

-  DSN  527~7G7$XXmm>m!  ($95}  277-7575 
m  OL-AB  (AFEWES):  LT  COL  JAIME  SI  LVA 

-  DSN  83S-585@/Cemrn&roal  {817}  753-4855 


